This paper describes how to use the code vlasov, which implements the computation of multibunch frequencies and growth rates when the effects of multibunch mode coupling are included. The theory behind this code is described in [BR95a, BR95b, Ber96] . This paper also describes the algorithm used to compute the modes, and the approximations made.
Running the Code
The program modes00 will create a binary file output file from the input file described in section 2. To view this output, use the program plot00.
modes00
The syntax for running modes00 is simply modes00 file.in file.out where file.in is the input file described in section 2, and file.out is a binary file containing the computed modes. Note that the program will exit if file.out already exists.
plot00
To run plot00 to make a plot of the modes, type plot00 file.out file.xmgr where file.out is the output file generated from modes00, and file.xmgr is a file which can be given to the program xmgr to produce a plot of the modes. Note that the program will exit if file.xmgr already exists. To load the plot into xmgr, say xmgr file.xmgr When running plot00, you will be prompted for the type of plot that you want. The opening menu will look like: 0: Exit 1: Single current 2: Modes vs. current, real 3: Modes vs. current, imag 4: Modes vs. current, real, one mode set 5: Modes vs. current, imag, one mode set 6: Single current, for publication 7: Modes vs. current, real, for publication 8: Modes vs. current, imag, for publication 9: Modes vs. current, real, one mode set, for publication 10: Modes vs. current, imag, one mode set, for publication Enter a number: In general, options 1, 2, and 5 are the most useful. The corresponding "for publication" options are attempts to produce a plot that will satisfy Physical Review. If you select option 1, you will be prompted for another choice:
1. Absolute value of imaginary part 2. Absolute value of shift 3. Positive imaginary part
Enter choice:
Option 1 will give you a plot similar to figure 1. Option 2 will give you a plot similar to figure 2. This is useful for the estimating of Landau damping thresholds. Option 3 will give you a plot similar to figure 3. In all cases you are prompted for a damping rate, which will give a dashed line on the resulting plots. If you selected option 2 from the main menu, "Modes vs. current, real," then a plot will be produced similar to figure 4. The plot shows the real parts of the frequencies for all the modes. If you selected option 3, "Modes vs. current, imag," then a plot will be produced similar to figure 5. This shows the imaginary parts of the frequencies for all the modes. As you can see, this plot is often not particularly useful, except in the case of a single bunch (M = 1). It is generally more useful to plot the imaginary parts of specific modes. This is done through option 5, "Modes vs. current, imag, one mode set." In addition to the usual prompts, you will also be prompted for a mode number. The current method of numbering these is a bit cryptic. The mode number you are prompted for should be the value of (n + n ′ )/2 for that mode (these values are described in [Ber96] ; see equation (4.79) ). For a non-radial mode, if the zero-current frequency is ω y ± mω s , than m is the number you specify. However, for a radial mode, the number you specify is m + 2k, where k is the order of the radial mode. For instance, for the first m = 1 radial mode, you would specify 3. If necessary, the program will then prompt you for the azimuthal offset. This is always the value of m. A plot will be produced that is similar to figure 6.
Input Format
The input file for the program consists of several keywords followed by values. The keywords must be typed exactly: case does matter! The order of the keywords is irrelevant. The keywords may be followed by one or more values, depending on the keyword. Those values may appear anywhere after the keyword, even on the next line. They are separated from one another by any combination of spaces, tabs, and end-of-line characters. 
Parameters
All the values described in this section are required, unless otherwise indicated. Just to be clear, the keywords do not contain periods; that's just my punctuation in this paper.
Momentum Compaction. This is followed by a single number. This is the negative of η c as defined in [Wie93] .
It should be positive above transition. The program will also accept "eta c." This part is optional.
Betatron Tune. This is followed by a single number. The program will also accept "nu beta."
Synchrotron Tune. This is followed by a single number. The program will also accept "nu s."
Bunch Length. This is followed by a single number. It is the bunch length divided by the circumference of the ring. The program will also accept "sigma l."
Energy. This is followed by a single number. It is the energy in eV. The program will also accept "E 0." Current. This is followed by two numbers: the maximum current, and the number of current points to plot. The program will also accept "I." Emittance. This followed by a single number: the transverse emittance of the beam divided by the circumference of the ring. Emittance is defined such that σ y = ǫ y β y . The program will also accept "epsilon." This part is optional.
n. This is followed by two positive integers: the minimum and maximum azimuthal mode numbers. Note that the radial modes which have the same form factors as some non-radial modes are always computed together with those modes. So, for instance, including an azimuthal mode number of 3 always include the m = 1 radial modes as well. Currently, the program won't work unless the minimum mode number is 0.
p. This is followed by three integers: the minimum mode index offset, the step in that offset, and the total number of offsets which will be computed.
M. This is followed by one positive integer, the number of symmetric bunches to do the computation for.
Currently the program only works with symmetric bunches.
Chromaticity. This is followed by one number, the chromaticity. This part is optional.
Transverse. What follows this is a description of the transverse impedance. This will be described in a separate section. This part is ended by the word "END." This part is optional. Transverse Feedback. What follows this is a description of the transverse feedback system. This will be described in a separate section. This part is ended by the word "END." This part is optional.
Transverse Impedance
Between the Transverse and END keywords, there are a sequence of keywords which indicate what type of transverse impedance you are using. Each of these keywords will be followed by one or more values. One of these values will be the strength of the impedance. This value will be in units of Ohms. This value is the actual impedance multiplied by the average transverse β-function over the impedance. The user must compute this product and use it in the appropriate place. Finally, all frequencies used are the actual frequency divided by the revolution frequency.
Resonator TI. There are three values, ω R , Q, and R, where the impedance is given by ResistiveWall TI. There is one value, R, where the impedance is given by the formula
Here ω 0 is the revolution frequency. Thus, R is the real or imaginary part of the impedance at ω 0 .
Inductive TI. There is only one value, L. The impedance is −iL, a constant.
CavityTail TI. There are three values, the real and imaginary parts of ω R , followed by R, where the impedance is given by
Note that the imaginary part of ω R should be negative, and the real part of ω R should be positive.
SingleBranch TI. There are two parameters, R and ω C , where the impedance is given by
Transverse Feedback
Between the Transverse Feedback and END keywords, there are a sequence of keywords which indicate what type of transverse impedance you are using. Each of these keywords will be followed by one or more values. One of these values will be the gain of the feedback. This value will be in units of Ohms, and should take into account the β-functions at the pickup and the kicker. Also, every feedback device will have a distance between the pickup and kicker associated with it. This will be the pickup to kicker distance multiplied by 2π and divided by the ring circumference. Finally, all frequencies used are the actual frequency divided by the revolution frequency.
LowPass TF. There are three parameters: the gain A, a half-bandwidth ω C , and the pickup to kicker distance. The model used has a response of
Butterworth2 TF There are three parameters, the same as those for LowPass TF, except the model has a response like
This is a second-order Butterworth filter, with the time delay removed.
Example
Consider the following example: A ring has the following parameters: 
